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FOREWORD This Indian Standard was adopted by the Bureau of Indian Standards on 7 March 1989, after the draft finalized by the Special Metals and Alloys Sectional Committee had been approved by the Structural and Metals Division Council. Titanium and its alloys possess being increasingly used in many high specific strength and excellent corrosion resistance chemical, aerospace and other industrial applications. titanium alloy pipes are used in chemical and marine and are

Seamless and welded titanium and tions for better corrosion resistance.

applicawelded

of titanium seamless and This standard has been prepared as a guide for the consumers pipe for selection of an optimum grade of material required for the intended application. In the preparation of this standard, assistance and welded titanium and titanium alloy pipe', Materials, USA.

has been derived from ASTM B 337-1983 `Seamless issued by the American Society for Testing and for seamless and welded

For the benefit of the purchaser, particulars to be specified while ordering titanium and titanium alloy pipes have been included in Annex A.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test, shall be rounded off in accordance with IS 2 : 1960 `Rules for rounding off numerical values ( revised )`. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard.

IS 12644 : 1989

Indian Standard

TITANIUM .AND TITANIUM ALLOY PIPE, SEAMLESS AND WELDED-SPECIFICATION
1 SCOPE 1.1 This specification covers five grades of seamless and welded titanium pipes intended for general corrosion resisting and elevated temperature applications. 2 REFERENCES 2.1 The necessary Indian adjuncts Standards listed to this standard: below are

4.2 The methods agreed upon by purchaser.

of analysis used shall be as the manufacturer and the

4.3 When required by the purchaser and stated in the purchase order, product analysis for any elements listed in Table 1 shall be made on finished product. 4.4 Permissible variations in product analysis shall be as given in Table 2. However, this does not broaden the specified heat ~analysis requirements but cover variations between laboratories in the measurement of chemical content. The manufacturer shall not ship material that is outsidethe limits specified in Table 1 for the applicable grades. Table 2 Permissible Variations Product Analysis in

IS 1894 : 1972 IS 2328 : 1983 IS 2329 : 1985

Method for tensile testing tubes ( jirst revision ) Method metallic

of steel

for flattening test on tubes ( jrst revision )

Method for bend test on metallic tubes ( in full section ) ( Jrst
revision )

3 MANUFACTURE 3.1 Seamless pipe may be made by any seamless method which will yield ~a product meeting the requirements of this specification. 3.2 Welded pipe shall be made from flat rolled products by an arc welding process which will yield a product meeting the requirements of this Filler metal, if used, shall be next specification. lower grade for Grade B and C whereas it shall be of same grade for Grade D and E. 3.3 The condition. pipe shall be supplied in annealed

Element

Maximum or Specified Range, Percent

Permissible Variation in Product Analysis, Percent + 0.005 -1 0.02 -f 0.062 -I 0.05 -1 0.04 f 0*02 -1 0.02

Nitrogen Carbon Hydrogen Iron Oxygen Palladium Residual elements ( each )

0.05 0.10 0.015 0.30 o-35 0.12-0.25 0.1

4 CHEMICAL

REQUIREMENTS

4.1 The grades of titanium~and its alloys covered by this specification shall conform to the chemical requirements as prescribed in Table 1. Table 1
Element Percent, Max Nitrogen, Carbon, *Iron, Oxygen, Palladium $Residual (Max) tResidua1 $Titanium elements elements 0.1 ( each ( Total ), *Hydrogen, Max Max Maax Max Max Grade A 0.03 0.10 0.015 0.20 0.18 0.1 0.4

Chemical Composition
Grade B 0.03 0.10 0.015 0.30 0.25 0.1 0.4 Remainder Grade C 0.05 0.10 0.015 0.30 0.35 0.1 0.4 Remainder Grade D 0.03 0.10 0.015 0.20 0.18 0.12-0.25 0.1 0.4 Remainder Grade E 0.03 0.10 0.015 0.30 0.25 0.1 Z-0.25 0.1 0.4 Remainder

( Clauses 4.1, 4.3 and 4.4 )

), ( Max )

Remainder

*Lower values may be obtained by negotiation with the manufacturer. $Need not be reported. $The percentage of titanium is determined by difference.
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IS 12644 : 1989 5 MECHANICAL 5.1 Tensile REQUIREMENTS

t = wall thickness, D -- outside diameter;

mm; and mm.

Properties

The tensile properties of the pipe shall meet the The requirements as prescribed in Table 3. tensile test shall be performed in accordance with IS 1894 : 1972. 5.2 Bending
Test

The test shall be carried out in accordance with IS 2329 : 1985. Pipes 50 mm and under in nominal diameter shall be capable of being bent cold through 90" around a cylindrical mandrel which is 12 times the nominal diameter of-the pipe, without developing cracks. 5.3 Flattening
Test

6.2 The maximum hydrostatic test pressure shall not exceed 17.5 MPa for sizes 75 mm and under or 19.5 MPa for sizes over 75 mm. Hydrostatic pressure shall be maintained for not less than 5 S. When requested by the purchaser and so stated in the order, pipe in sizes 150 mm in diameter and smaller shall be tested to one ant1 a half times the specified working pressure provided the fibre stress corresponding to those test pressure does not exceed, one-half of the minimum specified yield strength of the material, as determined by the equation given in 6.1. Whenione and a half times the working pressure exceeds 19.5 MPa, the hydrostatic test pressure shall be as agreed to between the manufacturer and the purchaser. 7 NUMBER OF TESTS 7.1 Test shall be made as follows on 2 percent of the process length pipes but in no case less than at random from each lot. one ~pipe, selected Results of the fo!lowing tests shall be reported to the purchaser.
NOTE - The term `lot' applied to all pipes of the same nominal size and wall thickness which are produced from the same heat of titanium or its alloys and subjected to the same annealing and finishing operation.

Welded or seamless pipe shall be subjected to flattening test at room temperature as specified in IS 2328 : 1983. 5.3.1 The pipe shall be capable of withstanding \vithout cracking, flattening under a gradual application of load until the distance between the platens is:
Grade Distance Between Platens

A and D B and E c

5 x nominal 7 x nominal 9 x nominal

wall thickness wallthickness wall thickness

5.3.2 For welded pipe, the weld shall be placed in the position of maximum deformation. 6 HYDROSTATIC TEST

6.1 Each length of pipe shall be capable of withstanding without showing bulges, leaks or other defects an internal hydrostatic pressure which will produce a stress of 50 percent of the minimum specified yield strength in the pipe wall at room temperature. This pressure shall be determined by the equation:

7.1.1 One sample shall be tested %from each pipe selected in 7.1 for each of tensile test, flattening test and bend test. 7.2 If the test specimen shows defective machining or develops flaws due to the preparation, the specimen may be discarded and another substituted. 7.3 If percentage elongation in any tension test specimen is less than that specified in 5.1 and any part of the fracture in more than 19 mm from the centre of the gauge length, the specimen may be discarded and another substituted. 7.4 Each length of pipe shall be subjected to the hydrostatic test specified in 6.

8 RETESTS where P = minimum S = allowable minimum 8.1 If the results of any mechanical tests of any lot do not meet the specified properties, retests shall be made on additional pipe of double the original number, from the same lot, each of which shall conform to the specified requirements.
Properties

hydrostatic test pressure, MPa; fibre stress of one-half of the yield strength; MPa
Table 3 Tensile

( Clause 5.1 )
Grade

Tensile

Strength

W2

Percent Yield
MPa *-___---~

Strength,

Elongation

on GL 50 mm,
Alin

Percent

MPa Jvfin A R C D ME 240 345 450 240 345

f-------MC1 170 275 380 170 275

Max 310 415 515 3~10 415 24 20 18 24 20
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IS 12644 : 1989 9 DIMENSIONAL 9.1 Diameter Variations those given Table
Nomiual

TOLERANCES

in accordance with this specification and shall furnish certified copies of test certificates containing the following:

in outside diame!er in `I'ahle 4. 4 Fermissible Diameter
Tolerance

shall not exceed in

Variations

4 Purchaser's order number; b) Specification title and grade; c) Heat number; 4 Nominal size, wall thickness 4 f >Kesults
of pipes; Product analysis; of mechanical perature; Results of hydrostatic Signatures rity; and stamp

and quantity

Diameter,

on Outside Diameter

mm r.__-h_.--~ Up to and From
3 40 100 40 100 150

mm

tests at tests;

room tem-

Including &040 * 0.80 'm1.5 -- 0.80

g) h) Results

of any supplementary

test; autho-

3
k)

of inspecting

9.2 Thickness
The variation in thickness

Quantities; and m) Method of manufacture at any point shall not of the nominal wall thick12 REJECTION

and finish.

exceed f 12.5 percent ness specified. ' 9.3 Length

Pipe shall be furnished in lengths as specified by purchaser. No pipe shall be under the specified length and not more than 6.5 mm over that specified. 10 FINISH 10.1 The finished pipe shall be reasonably straight with smooth ends, free of burrs and external and internal defects likely to be harmful Minor defects may be for intended applications. removed provided they meet the specified dimensional tolerances after removal of the Unless otherwise specified the pipe shall defect. be furnished free of scale. 11 CERTIFICATION 11.1 The manufacturer shall certify that the material supplied has been inspected and tested

12.1 Material not conforming to this specification or to authorized modifications shall be subjected to rejection. Method of disposal of rejected material will be agreed upon by the manufacturer and the purchaser. 13 PACKAGING 13.1 The pipe shall be packed for shipment either by boxing, crating, single boarding, surlapping or any other method as agreed upon by the manufacturer and the purchaser. 14 MARKING 14.1 Each length of pipe shall be marked suitable means with the following particulars: a) Manufacturer's name or his trade-mark, by

b) Grade of material, c) Lot number, and d) Nominal diameter and thickness of pipe.

ANNEX
BASIS
L

A

( Foreward )
OF PURCHASE g) Special mechanical tests; properties, if desired;

A-l Orders for materials under this snecification shall include rhe following information: a) Quantity; b) Grade nymber; c) Nominal pipe size and schedule; cl) Lengths, random or specified cut lengths; e) Method of manufacture and finish; f) Restrictive chemistry, if desired; 3

h) Iclattening j) Finish; k) Packaging; m) Marking; n) Inspection p) Disposition

and required of rejected

reports; material.

and

Standard Mark The use of the Standard Mark is governed by the provisions ~of the Bureau of Indian Standards Act, 1986 and the Rules and Regulations made thereunder. The Standard -Mark on products covered by an Indian Standard conveys the assurance that they have been produced to comply with the requirements of that standard under a well defined system of inspection, testing and quality control which is devised and supervised by BIS and operated by the producer. Standard marked products are also continuously checked by BlS for conformity to that Details of conditions under which a licence for the use standard as a further safeguard. of the Standard Mark may be granted to manufacturers or producers may be obtained from the Bureau of Indian Standards.

Bureau of Indian Standards BIS is a statutory harmonious institution established of the activities matters under the Bureau

`_

of

Indian Standards Act, 1986 to promote marking and quality certification of

development

of standardization, in the country.
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